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ABSTRACT
Experimental values of 3He (4He) elastic structure functions up to momen-
tum transfer q2 =4.0 (2.4) (GeV/ 0)2 are presented. They are compared to

calculations using three- and four-body wave functions and to asymptotic models.
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We present data on elastic electron scattering from 3He and 4He that
extends the information from previous experiments1 into the unexplored region
of momentum transfer q2 > 0.8 (GeV/c)z. This complements the high q2 measure-
ments of the electromagnetic structure functions already available for the
deuteron2 by a study of two other basic few-nucleon systems. High q2 data
measures the nuclear density with better spatial resolution (&1.5 /qm ax) and
may allow a better understanding of the failure of microscopic calculations?’;'11
to explain existing data near q2 = 0.8 (GeV/ 0)2. High q2 data also will be
important for an understanding of the asymptotic behavior of the structure
functions. For example, in the dimensional-scaling~quark model (DSQM) the
structure functions at large q2 are predicted12 to decrease according to a power
of q2 determined by the gumber of elementary constituents. This is consistent
with experiment for w, p, n, and d structure functions. Of particular interest
is the determination of the momentum transfer of the onset of this scaling. A
high q experiment therefore may investigate the region of the transition from
nuclear to elementary-particle physics.

The experiment was performed at the' Stanford Linear Accelerator Center
using high pressure gas targets and the 20- and 8-GeV spectrometers to detect
the scattered electrons and the recoil nuclei in coincidence. The target cells
were designed to achieve high density and high heat extraction rate while main-
taining a small window thickness in the direction of the recoiling He nuclei. A
42 cm long cell with 0.4 mm Al windows was used at 50 atm pressure. The

gaseous He was circulated through a heat exchanger cooled with liquid hydrogen

to remove the 1560 W deposited by the 15uA average beam current. This target
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system contained a total of 2000 liters (STP) of 3He (isotopic purity 98.2% with
1.8% 4He) yielding a total target thickness of 3 g/ cmz. A 10 atm target cell with
0.094 mm Al windows was used for the lowest q2 points.

The scattered electrons of 6 to 15 GeV were detected at 8° in the SLAC
20-GeV spectrometer13. Eleétrons were identified and measured by three
plastic scintillators,‘ a total absorption shower counter, a nitrogen gas Cerenkov
counter and by 5 planes of proportional wire chambers. To separate elastic
from inelastic scattering the recoiling He nuclei were detected in coincidence
with the scattered electrons. Single arm electron measurements with a
resolution of 0.5% due to the beam energy spread could not resolve the elastic
peak from the quasielastic spectrum (breakup threshold in 3He is 5.5 MeV).
Separation of the slow, highly ionizing helium nuclei from the high flux of =, p,
and d was made by measuring energy loss in and time-of-flight (TOF) between
two planes of scintillator counters placed in the 8 GeV spectrometer. The elastic
events were identified mainly by the relative TOF between the scattered electrons
and the recoil nuclei. This experimental arrangement allowed a measurement
free of background even in regions of extremely small cross section.

The event data (all electron triggers)zswere recorded on tape. In the
analysis of the double arm data, corrections were made for dead time, track
efficiency in the 20-GeV system, absorption and scattering of the recoil nuclei
in the target and scintillators. The radiative corrections were determined in
part from a detailed Monte Carlo model of the double arm system including soft
photon radiationM. The factors independent of AE were calculated according to
Ref. 15. A liquid hydrogen target was used to calibrate the entire system against

the world e~-p cross sections.




v

The open points in Fig. 1 show the electron single arm missing mass
' 2
3He

and extended to the limits of the 20-GeV spectrometer acceptance. The events

spectrum from '3He at qz =1.4 (GeV/c)2 centered at M =17.88 (GeV/cz)z

at small missing mass come from the target end windows and the 4He contami-
nation, and those at ‘large missing mass come from inelastic scattering. The
closed points represent the double arm e—3He coincidence spectrum and clearly
show only the elastic peak and its radiative tail.

. 3 s .
The cross section for e~ He scattering is written:

%% =0 Fih + anagyz r[1+21+ T)tan2(9/2)]] / (1+7)
=ay |A@) + B tan’(6/2)

and for 4He

do _ 2 _ 2,
EﬁﬂaM,Fch—oM.A(q )

where O is the Mott cross section for scattering from a spinless point nucleus,
Fch and Fmag are the charge and magnetic form factors; g is the electron
scattering angle, r = q2/4M2, M is the target mass, and p = -3. 2uy 18 the
nuclear magnetic moment. We will assume that at our scattering angle of 8°
the cross section for 3He is entirely due to the A(q2) term. The B(qz) term is
greatly suppressed and would contribute less than 1.0% for Fch = Fmag.

The numerical results for our experiment are listed in Table I and plotted
in Figs. 2 and 3. The errors quoted are the statistical error plus 5% systematic
error added linearly. For 3He our data show the structure function A%(qz)

falling smoothly over 2 decades up to q2 =2.5 (GeV/c)z. For larger momentum

transfer, it is not clear whether we observe a diffraction feature or not; at a
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1 -
cross section of 5 x 10_3 cmz/sr (A%2=3x10 5) we have reached our level of

sensitivity of 1 event in 5 Coulombs (about 6 days of running). An empirical

2

~bg gives

fit to the data for q2 = 0.7 (GreV/c)2 using A%(qz) = ae

a=0.034+0.004) andb = 2.72 + 0. 09 with a reduced chi square of 1.03 indi- |

cating that the new data are compatible with the absence of a diffraction feature. ‘
The 4He charge form factor is quite similar and falls off more quickly

than 3He with increasing qz. A fit using the exponential function for qzz 0.8 (GeV/ c)2 l

givesa=10.14+0.03 and b = 4.0 + 0.2 with a reduced chi square of 1.40. The steep-

ening decline of Fch near q2 = 1.8 and the worse fit suggests the presence of a

second diffraction niinimum, but we have not been able to measure a value for

F . at the momentum transfer q2 =2.4 (G‘reV/c)2 which we conjecture to be the

ch

position of the next diffraction maximum.

Figure 2 shows calculations of Fch and A% for 3He from various micro-
scopic and asymptotic models. The solid curve is the one-body form factor Fch
from a Faddeev calcula’cionl6 in momentum space. The result from a Faddeev
calculation17 in configuration space, shown by the dotted curve, is almost indis-
tinguishable from the solid curve up to q2 =2.2 (GeV/c)z. Both of these calcu-
lations used the Reid soft core (RSC) interaction for the nucleon-nucleon force,
and nucleon form factors from Ref. 18. The calculation of Ref. 5 is also very
similar up to q2 = 2.0 (GeV/ 0)2, the main difference being a diffraction maximum
near q“2 =0.8 (GeV/c)2 20% higher. The dot-dashed curve represents the sum of
the one-body form factor16 Fch plus contributions due to meson exchange currents
(MEC)g. This calculation includes contributions from the pair, and p-7
current, and includes form factors at the m-N vertices. A calculation using a

different one-body density and MEC19 (not shown) gives results up to q2 =2 (GeV/c)2

which are about a factor of 1.4 to 2 higher than the dot-dashed curve from



-6

q2 =0.61t0 2.0 (GeV/c)z. The small-dashed curve is a prediction12 for A%

based on the dimensional-scaling-quark model (DSQM) obtained using a consti-
tuent interchange with binding corrections necessary in the preasymptotic region.
The pure DSQM is expected to work for truly asymptotic q2 where it predicts

the shape A%(qz)oc (q2)1~3A but not the normalization. The large-dashed curve
represents A%T from a calculation20 that uses a relativistic impulse approxima-
tion model (Relativistic IA); it has the same asymptotic fall-off as the DSQM

and also gives a good {fit to the deuteron structure function and many other inclusive
high energy nuclear reactions. ]

Upon comparing these curves to the new data we can make the following
observations. Without experimental measurements21 or theoretical calculations22
of Fmag for q2 20.8 (GeV/ 0)2 it is difficult to test the Faddeev calculations for
Fch' If those calculations are correct, Fmag = 4 X Fch would be necessary to
give the measured value of A% near q2 = 1.5 (GreV/c)2 and Fmag could fill in the
second diffraction minimum in Fch' If we assume Fma is small, the old
discrepancy for the Faddeev calculations in the height of the second maximum
in the region of q2 =0.8 (GreV/c)2 is seen to continue at about the same level
out to q2 = 2.0 (GeV/c)z. The contribution of meson exchange currents, at 1east4
in their present form, improves the agreement around q2 = 0.8 (GeV/c)z. Since
the MEC contributions in the region of qz = 0.8 (GeV/ c)2 vary slowly with qz,
whereas the one-body form factor shows pronounced structure, we tend to assign
the disagreement at q2 =0.8 (GreV/c)2 to a one-body form factor which is too
small. The apparent disagreement in the region of q2 =2 (GreV/c)2 is due to a

complicated mixture of many effects and interpretation of this region will take

more careful study.
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The dimensional-scaling-quark model falls more slowly than the data as
a function of q2. This indicates that even with the mass correction employed,
scaling sets in at a q2 considerably larger than expected. ' The lower limit for
the onset of scaling in this form is q2 = 2.2 (GeV/c)z. The relativistic impulse
approximation of Ref. 20 does not attempt to describe the diffractive structure
at low qz, but it seems to agree fairly well with the data in the preasymptotic
region.

Theoretical calculations of Fch for 4He are shown in Fig. 3. The dotted
curve11 is a calculation based on Faddeev-Bruckner-Hartree-Fock (FBHF) theory
employing the RSC interaction, and includes contributions from the MEC terms
coming from pair and pionic current graphs including m-N form factors. The
solid curve has been obta.ined9 using a simplified one-body wave function of
Gaussian form with Jastrow correlation factors in order to study the effect of
MEC contributions. The dashed curve12 and the large-dashed curvezo in Fig. 3
are the scaling predictions analogous to the ones discussed above for 3He. The
theoretical description of 4He is not as fully developed as that for 3He, however,
the discrepancies between the curves presented in Fig. 3 and the new data is
similar to that observed for 3He.

The new data on helium form factors at large q2 indicate that the existing
microscopic calculations of the wave functions are missing an important ingre-
dient. The comparison with the scaling predictions shows that until now only
the pre-asymptotic region of the structure functions has been explored. For large
q2 both theoretical predictions and experimental measurements of Fmag for 3He
are called for.
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TABLE 1

Structure Function Results for 3He and 4He

o 3He ‘He
(GeV/c) |a%| x 1073 |F 4l 1073
0.7 4.57 + .015 T
0.8 3.56 +0.32 5.49 +0.60
1.0 2.28 +0.23 2.41 +0.22
1.2 1.42 +0.13 1.36 +0.19
1.4 0.817 + 0.073 0.579 + 0. 098
1.6 0.456 + 0. 045 0.273 + 0. 063
1.8 0.275 + 0.039 0.065 + 0.025
2.0 0.108 + 0. 025 -

2.25 0.056 + 0.017 -
2.4 - <0.043"
2.5 0.028 + .015 -
3.0 0.032+ .018 -
4.0 <0.057
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FIGURE CAPTIONS
Electron missing mass spectra from 3He. Open circles represent total
scattered electrons. Closed circles represent scattered electrons in
coincidence with recoil 3He.
Results of this and previous experiments for 3He structure function A%
displayed with theoretical predictions of Fch and A%. The curves (described
in the text) are solid: Fc

Faddeev (Ref. 16), dotted: Fc Faddeev (Ref. 17),

h h
dot dashed: Sum of Faddeev one-body (Ref. 16) plus MEC (Ref. 9), small
dashed: A% DSQM (Ref. 12); large dashed: A% Relativistic JA (Ref. 20).
Results of this and previous experiments for 4He charge form factor Fch
displayed with theoretical predictions. The curves are (see text), solid:
Fch Gaussian one-body with Jastrow correlation plus MEC (Ref. 9),

1
dotted: Fch FBHF plus MEC (Ref. 11), small dashed: A% DSQM (Ref. 12),

large dashed: A Relativistic IA (Ref. 20).
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